In view of the limited data available from the Asian region on the daily intake of nutritionally essential trace elements, a study was taken up, as part of a coordinated research project of the International Atomic Energy Agency, to estimate the daily dietary intake and organ content of some selected trace elements of importance in radiation protection, and also in nutrition. Nine Asian countries-South Korea, Pakistan, Philippines, and Vietnam-which represented more than 50% of the world's population, participated in this study. Analysis of about 700 diet samples was carried out for four minor (calcium, potassium, magnesium, and sodium) and eight trace (chromium, cobalt, copper, iron, iodine, manganese, selenium, and zinc) elements using nuclear and other sensitive analytical methods employing neutron activation analysis (NAA), inductively coupled plasma mass spectrometry (ICP-MS), inductively coupled plasma atomic emission spectrometry (ICP-AES), and atomic absorption spectrometry (AAS) techniques. These samples consisted of the total cooked diet, market basket, duplicate diets, and 225 staple foods. Emphasis was placed on the quality assurance and harmonization of the sampling techniques to ensure quality data. Significant inter-and intra-country variations in daily dietary intake of various trace elements were observed. The maximum inter-country variation was observed for iodine intake (factor of more than 45), being highest for Japan and lowest for Pakistan. For iron, an important trace element, the variation between the intakes was by a factor of four being lowest for Vietnam and highest for Pakistan.
Introduction
A coordinated research project (CRP) on "Compilation of Physical, Anatomical, Physiological and Metabolic Characteristics for a Reference Asian Man (RAM-Phase I)" was carried out from 1989 to 1994 within the framework of a regional program in support of radiological safety needs [1] . The Phase I program was subsequently extended to phase II. The second CRP, "Ingestion and Organ Content of Trace Elements of Importance in Radiological Protection Reference Asian Man Project Phase II," was initiated in 1995 to estimate the daily dietary intake and organ content of the trace elements cesium, iodine, strontium, thorium, and uranium. These five elements are the stable counter-parts of the radionuclides encountered in various operations of the nuclear fuel cycle. This second phase also included the measurement of some essential elements, such as calcium, potassium, magnesium, chromium, cobalt, copper, iron, iodine, manganese, selenium, and zinc, in daily diets consumed by the populations of the Asian countries. A few of these elements (i.e., calcium and potassium) behave similar to some of the above stated five elements (strontium and cesium, respectively). Some of the nutritionally important trace elements are reported to have protective roles in radiation damage to the human system. This program provided a unique opportunity to create a data base for the dietary intake of the above stated trace elements obtained from the diets consumed by the population in the Asian region, collected under carefully and meticulously developed protocols for representative sample collection and also the quality assurance in the analysis. Since the project involved a group of countries which had different levels of expertise in analysis as well as in the availability of instrumentation, emphasis was placed on establishing a reasonable mechanism to ensure accuracy and harmonization in the methodologies for generating analytical results. Both the internal as well as the external quality control steps were incorporated in the experimental design, including the appointment of a central reference laboratory (CRL) at the National Institute of Radiological Sciences (NIRS) in Japan to ensure adequate quality control in analysis. Highly sensitive nuclear and other related techniques were employed to perform chemical analysis.
Such geographic region specific data sets generated under harmonized conditions of sampling, sample preparation, and subsequent analysis are very valuable as they permit reliable comparison of daily dietary elemental intakes among countries from a selected region. The purpose of this paper is to summarize the findings for the nutritionally relevant elements in diets collected in the nine Asian countries listed above.
Approach
A protocol was developed on sampling and chemical analysis of diet and autopsy tissue samples to ensure representative samples from the population of each country, emphasizing the need for good quality data. In addition to the daily diet samples, some of the participants also collected and analyzed a number of individual food samples, as specified in the protocols for the CRP to assess the contributions of these foods to the total daily trace element intake. Another important task within the CRP was to normalize the data from different participating laboratories so as to allow a meaningful comparison of the analytical measurements between countries and their dietary practices. To achieve this objective, a number of certified reference materials were distributed among the participating laboratories (internal quality control) for the evaluation and assessment of the analytical capabilities of the individual laboratory in analyzing the similar kinds of samples containing trace elements in concentrations comparable to those found in actual diet samples. The investigating laboratories participated in both the internal and external quality control procedures through the analysis of the existing certified reference materials (CRM) as well as the Japanese total diet CRM which was certified during the course of this project. The responsibility of ensuring the external and internal quality control rested primarily with the CRL.
Experimental
Representative dietary intakes of the elements of interest were studied in the adult populations (20 to 50 years old) of the nine countries. The samples were collected from different geographical locations in the country as well as from the various socioeconimic groups representative of the population. Some of these details are discussed elsewhere [2] . The method of collection included market basket, duplicate diet, and in some cases, major staple foods. Nearly 700 food and diet samples were collected and analyzed for this project. The method chosen for the diet collection in a particular country depended on whether the population of the country was heterogeneous or homogenous, and this criteria was employed to ensure that the collected samples were truly representative of the dietary consumption of those countries. Whereas in a few countries the individual food components were cooked to reconstitute the total cooked diet of the population, in some countries, the samples of each individual food were analyzed separately to estimate their contribution to the total intake. Duplicate diet samples were analyzed to estimate the daily intake in those countries where the variations in the food habits between various population groups within the country were considered to be relatively small. Blenders with titanium-coated blades were distributed to the participating laboratories to avoid the mineral contamination of the samples during their homogenization and powdering.
The analytical methods employed to determine these 12 essential minor and trace elements, by both the CRL and the participating laboratories, included neutron activation analysis (NAA), inductively coupled plasma mass spectrometry (ICP-MS), inductively coupled plasma atomic emission spectrometry (ICP-AES), and atomic absorption spectrometry (AAS).
Role of central reference laboratory and quality assurance
The CRL contributed and ensured quality assurance in analysis by coordinating with the participant laboratories on both internal and external quality assurance (QA) requirements and in harmonizing the analytical steps, where practical. Briefly these included use of existing CRMs to validate the analytical methods for trace element analysis being employed in various country laboratories, generating reference values in selected reference materials where certified results were not available, preparing a new total diet CRM based on the Japanese total diet for use in the current project [3] , and finally analyzing the 10% of all the samples collect and analyzed in various country laboratories to assess the performance of the individual analytical methods being used in analytical laborato-Dietary intake of essential minor and trace elements from Asian diets ries. The samples received from various countries for analysis at CRL were in general stored at -20 o C until analysis. The dry samples as well as the ash samples were stored at room temperature. Typical weights of the dried samples analyzed ranged between 0.2 to 1 g and 0.1 to 0.2 g of sample ash weight was taken for analysis. In all 260 samples were analyzed at the CRL, which included about 200 samples of diet (for quality control and back-up purpose) and 53 tissue samples. This quality control approach has been discussed in detail elsewhere [4] .
In view of the difficulties faced by several participating country laboratories in the analysis of low concentrations of iodine in diet and tissue samples, IAEA arranged the analysis of iodine to be carried out by radiochemical neutron activation analysis at a highly reputed contract laboratory, that has established excellent analytical quality control using a range of certified reference materials for iodine. Sufficient emphasis was attached to ensuring the quality control exercised in the analysis of the low concentrations of iodine in the diet and other samples obtained from various countries.*
Results and discussion

Validation of the analytical methods
The analytical methods employed for the analysis of the food samples for the 12 elements at various country laboratories were tested for the reliability through the analysis of the CRMs. The role of the CRL in the development of the Japanese Diet CRM, certified for 14 elements and making available the reference values for 12 other elements underscores the analytical excellence brought to focus in the support of this project and the QA provided for the project as a whole. Duplicate analyses of the 10% of the total samples analyzed at the country laboratories were also carried out at the CRL and the results were compared. As a further development of this type of comparison, the methodology of proficiency testing process by IUAC was also followed [5] . This involved the calculation of Z scores for the results of the elemental concentration of each sample that has been analyzed at both laboratories (where Z is the difference between the participant's results and the CRL's results divided by the target value of the standard deviation). Experience to-date shows that most Z scores are acceptable even using 10% as the target relative standard deviation. This aspect has been discussed elsewhere.
For the Asian study, dietary trace element intake data were accepted only from participating country laboratories that had demonstrated proficiency in analysis through both the internal and external quality control. The results of the analysis of the CRMs obtained from NIST, which were distributed to the participating country laboratories for the trace elements reported by them, were in close agreement (within 10%) with the certified values for elemental concentrations.
The details of the dietary minor and trace element data reported from individual Asian countries are shown in table 1.
Calcium, magnesium, sodium, and potassium in Asian diets
The comparison of the range of daily dietary intake of 12 elements with the intake reported for International Commission for Radiological Protection (ICRP) Refer- ence Man and the recommended dietary allowances for these elements are shown in table 2. Daily dietary intake for sodium was reported by four of the nine countries. The main source of sodium is generally common salt, which is added during cooking; and although sodium is known to be an essential element, a dietary deficiency of sodium is not common. The daily intake of sodium was found to be in the range of 1.96 to 3.9 g as compared to 4.4 g proposed for ICRP Reference Man [6] and is comparable with the recommended dietary allowance (RDA) of 1.3 to 3.3 g [7].
Potassium intake was reported by the nine participating countries. The daily intake ranged from 1.04 to 2.7 g, which was lower than 3.3 g proposed for ICRP Reference Man and also lower than RDA of 1.87 to 5.6 g.
Calcium is a structurally important element for the humans. Its daily intake, reported by all the countries, ranged from 0.22 to 0.72g; the lowest was for South Korea and the highest for China. The intake from all the Asian countries was lower than the ICRP Reference Man value of 1.1 g and the RDA of 0.8 g. The significantly lower intake of calcium could be attributed to the lower intake of calcium-rich milk and milk products in Asian countries, as compared to North America.
The intake of magnesium was studied by only five countries. The intake ranged from 0.14 to 0.46 g. The lowest intake was for Philippines and the highest for Pakistan. The intake of magnesium for Japan and Vietnam was also significantly lower, and close to the lower end of the range. Except for Pakistan, the magnesium intake reported for most countries was lower than the RDA.
Trace elements in Asian diets
Iron, zinc, manganese, and cobalt
The intake of iron was reported by seven of the nine countries and ranged from 6.6 mg for Vietnam to 31.4 mg for Pakistan. Except for the Vietnam and the Philippines, the intake by the other countries was adequate when compared to the RDA for iron.
The intake for zinc was reported by all countries. The daily dietary intake ranged from 4.3 mg for South Korea to 13.5 mg for Pakistan. The intake of all the Asian countries was lower than the RDA value of 15 mg, however, with the exception of South Korea and Vietnam, the intake was only marginally lower.
Six of the nine countries reported the intake of manganese, which ranged from 2.8 for Philippines to 10.5 mg for Pakistan. In general, unlike the other elements, the dietary intake of manganese was more than the RDA and higher that proposed for the ICRP Reference Man.
Only three countries reported the intake of cobalt, which ranged from 9.6 µg for Vietnam to 17.9 µg for India. It is important to note that although all three intake values for cobalt agreed well with each other, they were more than 17 times lower than that proposed for ICRP Reference Man. The agreement between the intake of the three countries and the much higher value proposed for ICRP Reference Man indicates that the intake value for the ICRP Reference Man, may need revision. This new realistic intake value for cobalt was the outcome of strict quality control exercised while carrying out this study.
Copper, selenium, chromium, and iodine
The intake of copper was studied in five Asian countries and ranged from 0.87 mg for Vietnam to 2.17 mg for Bangladesh. These values are only marginally lower than the RDA range of 1.5 to 3.0 mg.
The dietary intake of selenium was studied in only four countries. The intake which ranged from 52.6 to 141 µg was not much different from the RDA value of 70 µg.
The intake of chromium was reported from three countries. The intake ranged from 59.9 µg for India to 224 µg for Japan. There are no recommended values for this element to compare with. However, these values [8] .
Dietary intake of essential minor and trace elements from Asian diets appear adequate when compared with the intake range of 25 to 160 µg of chromium by population groups in 22 countries, as reported by Iyengar et.al. [8] .
Very large variations in dietary iodine intake were observed. The daily intake varied from about 60 µg for Pakistan to 2,990 µg for Japan. The inter-country variation of daily dietary iodine intake is almost 50 times. The higher intake of iodine in Japan could be due to the intake of iodine-rich seaweeds, which form an essential component of the Japanese diet. With the exception of Japan, China, and Vietnam, the intake of iodine in most of the other Asian countries appears to be low. The recently introduced policy of using iodated salt for cooking purposes in the Asian countries, will ensure that the intake of iodine in the Asian region is adequate.
Conclusions
Daily dietary intake of 12 essential elements: four minor (calcium, potassium, magnesium, and sodium) and eight trace elements (chromium, cobalt, copper, iron, iodine, manganese, selenium, and zinc) were estimated in nine Asian countries using nuclear and other sensitive analytical methods employing NAA, ICP-MS, ICP-AES, AAS techniques. The participating countries-Bangladesh, China, India, Indonesia, Japan, South Korea, Pakistan, Philippines, and Vietnamrepresented more than 50% of the world's population.
The adequate quality control, both internal and external, exercised for the analysis of the diet samples and the harmonization of the sampling protocol ensured the generation of the reliable daily dietary intake data for the 12 elements.
A comparison of the daily intake of the above stated elements with the intake values proposed for the ICRP Reference Man as well as with the RDA, indicated that the intakes of calcium, magnesium, and potassium were lower and that for sodium and were comparable with the RDA values. With the exception of iron, zinc, and manganese, the intake of the other trace elements was generally lower. The Japanese diet contained very high quantity of iodine, but the intake of iodine for the other countries was in general lower than the RDA.
